Cyanobacteria may reduce Daphnia fitness through their toxicity, low nutritional value or poor manageability. In this study, the relative importance of the low nutritional value and poor manageability of cyanobacteria on Daphnia life history were determined. To separate these two aspects of cyanobacteria impact, short or long filaments of Cylindrospermopsis raciborskii were given as food to five clones of Daphnia magna either alone or together with the green alga Scenedesmus obliquus. Feeding with short cyanobacterial filaments caused reductions in growth rate (,45%) and fecundity (,60%) in some clones. The deleterious effects caused by cyanobacterial poor nutritional quality could be completely overcome by supplementation with highquality food. Long cyanobacterial filaments caused greater reductions in growth rate (,65%) and fecundity (,80%) in the most affected clones, and the addition of high-quality food only partially diminished the effects of poor filament manageability. In Daphnia fed with long filaments, there was no correlation between body size at maturity and fecundity, and the maximum fecundity was reached by individuals of intermediate size. Decreased body size may, thus, represent an adaptive mechanism against interference with food collection caused by long filaments. The pattern of responses to different food regimes was similar in all Daphnia clones, but they differed in the absolute values of the life history parameters affected. Differences in the fecundity of Daphnia caused by the presence of cyanobacteria may affect clonal composition of cladoceran assemblages, thus, cyanobacteria can shape microevolutionary changes in Daphnia populations. available online at www.plankt.oxfordjournals.org
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I N T RO D U C T I O N
Daphnia are considered a keystone species in most lake ecosystems, as they are the major link in the transfer of energy from primary producers to higher trophic levels. Thus, the detailed study of Daphnia -cyanobacteria interactions is important not only for a better understanding of the functioning of aquatic ecosystems, but also for forecasting future changes in such ecosystems due to anthropogenic alterations of the environment.
Cyanobacteria are considered to be an inadequate food source for zooplankton because they cannot sustain growth and reproduction of planktonic animals as well as other foods (see Porter and Orcutt, 1980; Haney, 1987; Lampert, 1987; DeBernardi and Giussani, 1990) . Cyanobacteria may directly lower the fitness of zooplankton through (i) the toxicity of their secondary metabolites, (ii) mechanical interference with food collection, referred to here as poor manageability and (iii) their low nutritional value (i.e. they lack or contain insufficient amounts of essential components like polyunsaturated fatty acids (PUFAs), sterols and other as yet unidentified substances; von Elert et al., 2003) , referred to here as poor quality. While cyanotoxicity may affect the fitness of the majority of planktonic animals (copepods and cladocerans, e.g. DeMott et al., 1991 , as well as rotifers, e.g. Gilbert, 1994) , the effects of poor manageability and nutritional inadequacy are strongly dependent on the mode of feeding (non-selective filtration vs. selective food collection) and the size of the planktonic animals (Webster and Peters, 1978; Richman and Dodson, 1983; Fulton and Paerl, 1987; Fulton, 1988; Hawkins and Lampert, 1989; Gliwicz, 1990a) . Cladocerans are relatively non-selective filter feeders (review by Bednarska, 2006 ; recent field study by Chen et al., 2011) and the width of the gap between carapace valves and the mesh size of the filtration appendages determines the upper size limit of food particles consumed (Gliwicz, 1980; Gliwicz and Siedlar, 1980) . Thus, if cyanobacteria are consumed at all, they are grazed by large-bodied filter feeding cladocerans (especially of the genus Daphnia).
Studies on Daphnia-cyanobacteria interactions have often produced non-comparable, inconsistent or even contradictory results. This is probably because the different aspects of the negative influence of cyanobacteria (i.e. toxicity, low nutritional quality and poor manageability), often interact or overlap, which is not considered in most such studies. For example, the effect of poor manageability has been examined using a toxic strain of cyanobacteria (e.g. Panosso and Lürling, 2010) , and evidence of poor manageability has been obtained in experiments comparing the performance of animals fed on cyanobacteria and those fed on high-quality food (e.g. Porter and McDonough, 1984) .
When exposed to poor quality cyanobacteria, planktonic animals have to cope with nutritional limitation. In addition, the energy which could be allocated to growth and/or reproduction is used for the conversion of chemical precursors into essential compounds. Daphnia can convert a-linolenic acid to eicosapentaenoic acid (EPA) or retro-convert docosahexaenoic acid to EPA (Von Elert, 2002) , but the rate of conversion is probably too low to meet the demands of animals maintained on an exclusive cyanobacteria diet. Moreover, energy must also be expended to exploit other food sources or to persist in the environment until all the compounds necessary for the production of offspring have been acquired. These responses are energetically costly, but allow Daphnia to reduce the negative impact of cyanobacteria caused by their low nutritional quality.
It has been shown that Daphnia consume food particles not exceeding 50-60 mm in size (Gliwicz, 1969; Bloem and Vijverberg, 1984) , and that larger filamentous or spherical cyanobacteria colonies interfere mechanically with food gathering and are generally inedible. Daphnia can diminish the negative effect of cyanobacteria caused by their poor manageability, e.g. by changing the morphology of their feeding apparatus (Ghadouani and Pinel-Alloul, 2002; Bednarska and Dawidowicz, 2007) or by altering their depth preference (Berthon and Brousse, 1995; Bednarska and Dawidowicz, 2007) . These changes, along with frequent cleaning of the feeding apparatus observed in the presence of cyanobacteria (Gliwicz and Siedlar, 1980) , are also energetically costly, which is reflected in decreased fitness. In the presence of cyanobacteria, Daphnia mature at a smaller size (see reviews by Porter and Orcutt, 1980; Haney, 1987; Lampert, 1987; DeBernardi and Giussani, 1990) , which reflects the costs of living in an environment rich in cyanobacteria, but can also be regarded as an adaptive response. Gliwicz (Gliwicz, 1990a) found that the strength of mechanical interference increases with the body size of Daphnia species. However, it is not known whether the phenotypic decrease in body size triggered within a single species by the presence of cyanobacteria can translate into population effects that decrease the negative influence of cyanobacterial filaments.
The effects of the low nutritional quality and poor manageability of cyanobacteria entail similar costs, but they require different responses, and so should have a different impact on Daphnia phenotype. The aim of this study was to separately evaluate the reduction in Daphnia fitness caused by the low nutritional value and the poor manageability of cyanobacteria. We also tested whether the addition of good quality food could ameliorate the negative impact of these two aspects of cyanobacteria on Daphnia. In an experimental system, Daphnia magna was fed short (edible) or long (inedible) filaments of the same strain of cyanobacteria, with or without green algae supplementation. The use of a non-toxic strain allowed us to exclude any toxic effect of the cyanobacteria. The effects of nutritional inadequacy were tested in experiments where animals were fed with short (edible) filaments of cyanobacteria with or without green algae. The potentially additive effect of poor manageability was examined in experiments in which animals were fed either short or long filaments from the same culture of the same strain of cyanobacteria (thus, the same nutritional quality). Furthermore, experiments in which the Daphnia were fed with the mixture of green algae and long cyanobacteria filaments allowed us to estimate the effect of poor manageability where the animals are not nutritionally limited. To determine whether the pattern of responses is clone dependent, five separate D. magna clones were used in this study. Cylindrospermopsis raciborskii, the cyanobacterium employed in these experiments, is rapidly spreading in mid-latitude lakes (Wiedner et al., 2007) and its effects on the fitness of Daphnia and other organisms are being increasingly studied (Soares et al., 2009; Zagatto et al., 2012; da Costa et al., 2013) .
M E T H O D
The experiments were performed with five clones of D. magna Strauss picked at random from the library of clones held at the Department of Hydrobiology, University of Warsaw. All clones (D1, D2, D3, D4 and B1) were hatched from ephippia. Clones D1-D4 were isolated in our laboratory from sediments originating from Binnensee (northern Germany) and clone B1 originated from Oud Heverlee Pond, Belgium (hatched in the Laboratory of Aquatic Ecology, Katholieke Universiteit Leuven). The clones were isolated at least 1 year prior to the study and had been maintained for months at room temperature (19-228C) in laboratory batch cultures fed with the green alga Scenedesmus obliquus .
A single female from each clonal culture was selected to establish the clonal lineages used in the experiments. To minimize maternal effects, clonal lineages were cultured for at least four generations (second clutch offspring were always taken for further culture) under standard conditions, i.e. in a temperature-controlled water bath (208C + 0.58C), summer photoperiod (16L:8D), fed with S. obliquus (1.5 mg C L
21
) and 50 mL of medium per individual, with the culture medium changed daily.
The experimental media were prepared with aged lake water (water from the small eutrophic Lake Janówek located near Warsaw, Poland, pre-filtered through a 1-mm filter and stored in a large, aerated tank for 2 weeks before use). To prepare the media, the water was re-filtered through a 0.2-mm ceramic filter and enriched with a suspension of food: short and/or long filaments of a non-toxic strain of the cyanobacteria C. raciborskii (strain SAG 1.97) with or without the green alga S. obliquus.
To test whether this strain of cyanobacteria could be acutely toxic to Daphnia, a standard toxicity test was performed following the procedure described by Lampert (Lampert, 1981) and still in use (e.g. Soares et al., 2009 ). Accordingly, algae or cyanobacteria are considered toxic if animals fed with them live shorter than starved animals do. No symptoms of acute toxicity of our strain of C. raciborskii were observed as the animals fed with this cyanobacterium were able to reach maturity and lived significantly longer than the starved animals (.21 vs. 2.7 + 1.0 days, respectively), no starved individuals surviving past Day 6 and 100% of cyanobacteria-fed individuals surviving until Day 21, when the experiment ended (P , 0.0001, proportion t-test; Bednarska, unpublished data). No symptoms of mild toxicity of this particular strain were observed either (e.g. Bednarska et al., 2011; Bednarska and Slusarczyk, 2013) . Both green algae and cyanobacteria were cultured in xenic (containing bacteria) batch cultures on Z/4 algal medium, at room temperature (208C + 0.58C), with constant illumination and aeration.
To discriminate between the effects of the low nutritional quality and poor manageability of the cyanobacteria, Daphnia were fed either pure green algae (So; nutritionally adequate and manageable), pure short cyanobacterial filaments (Cr s ; nutritionally inadequate but manageable), long filaments (Cr l ; both nutritionally inadequate and unmanageable), green algae combined with either the short (So þ Cr s ) or long filaments (So þ Cr l ) or a mixture of the two filament types (Cr s þ Cr l ). Thus, there were six treatments, which are described in Table I .
In the mixed food treatments, an additive concentration of the two food types (1.5 mg C L 21 green algae þ 1.5 mg C L 21 cyanobacterial filaments) was provided to avoid the situation where fitness losses could be the result of a reduced level of edible food, assuming that long filaments are inedible for Daphnia (Gliwicz, 1969; Bloem and Vijverberg, 1984) .
Cultures of C. raciborskii were fractionated into short (,50 mm) and long (.50 mm) filaments using a procedure developed in our laboratory (filtered 10 times through a nylon mesh of size %45 mm, with the effectiveness of the separation checked by microscopic measurement of filament length; Bednarska, unpublished data).
After the pre-culture phase, 60 newborn Daphnia females (neonates aged 12 h) of the second clutch were separated from the mothers and randomly assigned to one of the six experimental treatment groups (10 replicates each), while 30 additional newborns were dried and weighed to determine initial body mass. The animals were kept separately in 100-mL glass vessels (208C + 0.58C, 16L:8D) until eggs of the first clutch were laid into the brood chambers [the age at first reproduction (AFR) was determined with 24-h accuracy]. The egg-bearing Daphnia were photographed using a binocular microscope, the eggs were counted and the animals were dried and weighed to calculate growth rate. Dry mass was converted into somatic growth rates per day using the formula:
, where M 0 and M t are the masses of the animals at Day 0 and at the end of the experiment, respectively, and t is the duration of the experiment (Lampert and Trubetskova, 1996) . The body length of each Daphnia was measured from its photograph using MultiScan image analysis software (Computer Scanning Systems). Statistical analysis of the data by two-way ANOVA followed by the Tukey HSD post hoc test (a ¼ 0.05), was performed with Statistix 9.0 software.
R E S U LT S
Both the food type and the origin of the clones had a significant effect on the key life history parameters of the Daphnia (Table II) . In general, the presence of cyanobacteria caused an increase in AFR, a decrease in size at first reproduction (SFR), a decrease in the number of eggs and a reduction in growth rate. However, Tukey HSD post hoc analysis of the effect of food type revealed that the animals in the So and So þ Cr s treatment groups differed only in AFR, whereas the loss of fitness (decrease in SFR, number of eggs and growth rate) in animals of the So þ Cr l treatment group was always greater than that produced by the aforementioned treatments, indicating that long cyanobacterial filaments caused negative effects even when supplemented with green algae. Animals in the Cr s and Cr s þ Cr l treatment groups did not differ in any life history parameter, while the treatment with pure Cr l caused the greatest reduction in all of the measured traits, The green algae used were S. obliquus (So) and filaments were of the cyanobacterium C. raciborskii (Cr).
A. BEDNARSKA ET AL. j LOW QUALITY VS. POOR MANAGEABILITY OF CYANOBACTERIA and its effects differed significantly from those of all other treatments (Fig. 1A-D) . Our analysis of the effect of clonal origin revealed that among the tested Daphnia, clone B1 performed best overall (i.e. highest growth rate and fecundity), while the performance of clone D3 was the poorest. The general performance of the three other clones was similar and intermediate between that of B1 and D3 (Tukey HSD post hoc analysis).
The effect of interaction of clone Â food treatment was also a significant cause of variation in the life history parameters studied (Table II) . Although Daphnia from clone B1 performed best in general, having one of the lowest AFR, and highest growth rate and fecundity in the So and So þ Cr s treatments (in comparison with the other clones), this clone and clone D2 were most affected by the presence of cyanobacteria relative to the control (So). In both the Cr s and Cr l treatments, significant losses in fitness were observed in clones B1 and D2: a significant suppressing effect of short filaments (Cr s ) and the greatest (among all treatments) fitness losses caused by long filaments (Cr l ; longest delay in reproduction, lowest growth rate and strong suppression of fecundity; Tukey HSD post hoc analysis). Clones D1 and D3 were intermediate in their responses to cyanobacteria, but while there were differences in both the growth rate and fecundity in the former treated with short and long filaments, only a difference in the growth rate was observed in the latter. Significant differences between the So and So þ Cr s treatments (in AFR, growth rate and fecundity, but not in SFR) were found only in the D1 clone. Moreover, only clone D1 displayed significant differences in AFR between the So and So þ Cr l treatments. For the majority of the clones tested, the values of the other parameters measured in animals treated with So þ Cr l differed from the control (i.e. SFR and growth rate of clones D2, D3, B1; fecundity of clones D2, D3, D4, B1), and they were usually reduced below those produced by the So and So þ Cr s treatments (Tukey HSD post hoc analysis).
The number of eggs produced at first reproduction increased with female size in the So (linear regression F 1, 37 ¼ 9.22, P ¼ 0.0044) and Cr s treatment groups (F 1, 48 ¼ 93.26, P , 0.0001). No significant increase of fecundity with size was seen in animals treated with long filaments (F 1, 47 ¼ 3.94, P ¼ 0.0531). As we anticipated a nonlinear relationship in this treatment group, with the largest females being negatively affected by the presence of long filaments and the fecundity of the smallest females possibly limited by other factors such as the brood chamber volume, we also fitted a quadratic polynomial function to these data (Fig. 2) . The fit was significant in animals from the So and Cr s treatment groups ( polynomial regression F 2, 37 ¼ 5.51, P ¼ 0.0083 and F 2, 48 ¼ 52.01, P , 0.0001, respectively), and insignificant for the Cr l treatment group (F 2, 47 ¼ 3.16, P ¼ 0.0522), but interestingly the function was convex for the former treatments and concave for the latter (Fig. 2) .
D I S C U S S I O N
A number of previous studies have shown that cyanobacteria cannot sustain growth and/or reproduction of cladocerans when offered as the only food source (e.g. Martin-Creuzburg et al., 2005; Martin-Creuzburg et al., 2008) . A lack of sterols, crucial for crustacean moulting (Goad, 1981) , PUFAs and other unidentified substances (Von Elert et al., 2003) prevent Daphnia from reaching maturity and/or releasing viable offspring. However, our results show that cyanobacteria can sustain growth and reproduction of Daphnia, though the fitness losses are high. All crucial life history parameters were negatively affected by the presence of cyanobacteria, although long and short cyanobacterial filaments affected them differently (Fig. 1A-D) . Considering all the parameters measured, the performance of Daphnia in the different experimental treatments varied, from best to poorest, in the following order: short filaments mixed with green algae (So þ Cr s ), green algae alone (So), long filaments mixed with green algae (So þ Cr l ), short filaments alone (Cr s ), short filaments mixed with long filaments (Cr s þ Cr l ) and long filaments alone (Cr l ).
The low nutritional value of cyanobacteria as food had a negative influence on Daphnia fitness, but the effect was not general for all clones or life history parameters. For example, in the Cr s treatment group the overall growth rate was no more than 45% lower than that of the So group, and for two of the five clones studied (D1 and D4) this parameter did not differ from that of the control animals. In addition, the poor quality of cyanobacteria ('short filament' treatment) did not affect the fecundity of females of clone D4, while it caused a 2 fold (clones D2 and D3) or 2.5-fold (clone B1) decrease in fecundity in the other clones.
The performance of the Daphnia was most negatively affected by the Cr l treatment, where the effect of the low quality of cyanobacteria was combined with their poor manageability. In this 'long filament' treatment, maturation was delayed to the age of 12-13 days, which was double the age in control animals (around 6 days). Under the thermal conditions used in our experiments, this delay translates into the loss of nearly one generation. Furthermore, in the 'long filament' treatment there was a decrease of up to 65% in the growth rate and up to 80% in fecundity when compared with control animals; and when compared to the 'short filament' treatment, the growth rate and fecundity were lower by up to 45% and up to 55%, respectively. To our knowledge, this is the first direct evidence that filament length by itself is a significant factor in reducing the fitness of Daphnia grown in the presence of cyanobacteria. Animals fed long cyanobacterial filaments were affected more severely than their sisters fed short filaments. However, the effect of poor manageability was not always additive to that of low nutritional quality. For example, no differences in fecundity (a key fitness parameter) were observed between females of clones D3 and B1 fed short or long cyanobacterial filaments. Conspicuously high life history performance of Daphnia fed with green algae appears to be correlated with higher vulnerability to cyanobacteria, i.e. the clones which, in general, performed best in the So and So þ Cr s treatments (B1 and D2) were those most adversely affected by the presence of cyanobacteria. This suggests the existence of a trade-off between high fitness achieved under good food conditions and poor performance in the presence of cyanobacteria, so that some D. magna clones are 'green algae specialists' (B1 and D2), while others are 'cyanobacteria specialists' (D4). Further experimental evidence is required to corroborate this hypothesis.
A comparison of the relative values of life history parameters of individuals of clone D1 revealed that the presence of cyanobacteria improved rather than hindered the performance of these animals. However, the absolute values for these parameters (when animals were fed with cyanobacteria) still fit within the ranges of responses observed in individuals from the other clones studied. Thus, the relatively better condition of D1 individuals was not a result of their greater ability to cope with cyanobacteria, but was due to the much lower fitness of the control animals (e.g. low fecundity, Fig. 1D ). Moreover, among various Daphnia, clone D1 individuals from the same cohort as those examined in this study were previously found to have the highest relative fitness under low-to-moderate food concentrations (Pietrzak et al., 2010) , and were proposed to be 'low food specialists', which may explain the relatively poor condition of the control animals. An additional explanation of the better performance of D1 individuals fed with a 1:1 mixture of green algae and cyanobacteria compared with those fed solely with green algae is that animals grow better on a mixed diet. Improved performance of cladocerans fed on mixed food compared with a monoculture has been observed previously, e.g. by DeMott (DeMott, 1998) (algae þ cyanobacteria) and Urabe and Waki (Urabe and Waki, 2009) 
Daphnia fecundity increases with body size (Węgleńska, 1971 ) as a result of both the higher capacity of the brood chamber and the raised filtration rate (Gliwicz, 1990b) . A higher filtration rate permits more effective food gathering and thus the allocation of more energy to reproduction. However, the vulnerability of cladocerans to the presence of cyanobacteria is size dependent, and when filamentous or colonial forms are abundant within the phytoplankton community, large-bodied cladocerans of the genus Daphnia are most seriously affected (Gliwicz, 1990a; Gliwicz and Lampert, 1990; Kirk and Gilbert, 1992) . Filamentous or spherical cyanobacteria can enter their filtering chambers and mechanically interfere with each phase of the feeding process (Arnold, 1971; Porter and Orcutt, 1980; Porter and McDonough, 1984; DeBernardi and Giussani, 1990) . Entangling filaments immobilize the thoracic appendages, thus stopping filtration. When the concentration of cyanobacterial filaments in the environment rises, Daphnia can reduce their vulnerability to these and other large-sized algae by narrowing the gap between the carapace valves (Gliwicz and Siedlar, 1980) and by increasing the frequency of post-abdominal rejection movements. These behaviors allow Daphnia to resume filtration at the expense of a decreased uptake of food particles, both edible and inedible.
Our results demonstrate that fecundity increases with body size, but this correlation was positive for all ranges of body size only in Daphnia fed with small edible particles, i.e. green algae and short cyanobacterial filaments (Fig. 2) . For animals treated with long cyanobacterial filaments, this correlation was not statistically significant and appeared positive only for the smallest individuals, whose fecundity was probably limited mainly by the capacity of the brood chamber. The maximum fecundity in this treatment was recorded in animals of intermediate size ( 2.2-2.3 mm), above which the number of eggs was no longer related to the size of the mother. This indicates that increasing body size in the presence of long filaments does not lead to increased fecundity, and thus may be maladaptive. Since the lack of correlation between body size and fecundity was only seen in the Cr l treatment group and the fact that the highest fecundity occurred in relatively small individuals in this group, it may be postulated that the decreased SFR observed in our study was not only a cost of feeding on low quality food, but could also represent an adaptive mechanism against long filaments interfering with food collection.
Panosso and Lürling (Panosso and Lürling, 2010) showed that the clearance rate of short C. raciborskii filaments by D. magna is the same or even lower than that of long filaments. This seems to be contradictory to our finding of stronger suppression of Daphnia performance by long filaments. However, those authors (Panosso and Lürling, 2010 ) used a toxic strain of C. raciborskii, and it has been shown that the presence of toxic cyanobacteria causes a decrease in Daphnia clearance rate (DeMott et al., 1991; Lürling and Van der Grinten, 2003) . Moreover, feeding on short (edible) filaments of a toxic cyanobacterium probably results in a higher intake of the toxin. The strain used in the aforementioned study produces the neurotoxin, saxitoxin, which may impair the functioning of the feeding apparatus (Haney et al., 1995) . Thus, the decreased clearance rate in the presence of short filaments observed by Panosso and Lürling (Panosso and Lürling, 2010) could be associated with the toxicity rather than the poor manageability of the cyanobacteria.
A few studies have shown that Daphnia is unable to produce eggs when fed solely on cyanobacteria (Von Elert and Wolffrom, 2001; Martin-Creuzburg et al., 2008) and this effect was associated with low nutritional quality. In contrast, we found that Daphnia could grow and reproduce when fed exclusively on cyanobacteria. A non-toxic strain of C. raciborskii was used in our experiments, and it is possible that different strains/species of cyanobacteria differ in their effects on Daphnia performance. Our finding that Daphnia can reproduce in the presence of cyanobacteria may also be explained by maternal investment in supplying the eggs with essential compounds, as shown by Martin-Creuzburg et al. (Martin-Creuzburg et al., 2005) , or by the fact that the experimental animals remained with their mothers in vessels containing green algae until the start of the experiments, and thus experienced optimal feeding conditions in the first (up to 12) hours of their life. Von Elert and Wolffrom (Von Elert and Wolffrom, 2001) showed that exposure to adequate food early in life enabled continued growth and reproduction even when animals were subsequently fed only cyanobacteria. Despite this, we believe that this effect was probably not significant in our experiments, because when the experimental animals were born, the majority of green algae had most probably already been consumed by the mothers. Also, due to the small size of the neonates, their filtration efficiency, and thus the quantity of food particles eaten, is likely to have been low. However, we cannot exclude the unintentional supplementation of the animals at the very beginning of their life. If this did indeed happen, then our results could be interpreted as showing that even a short feeding time or a very low amount of high-quality food is sufficient to mitigate the negative effects of cyanobacteria associated with their low nutritional quality.
Our results are also consistent with those of previous studies showing that a lack of essential nutritional compounds in a cyanobacteria diet can be compensated by the addition of alternative food sources (Von Elert and Wolffrom, 2001; Lürling, 2003; Ravet et al., 2003; Martin-Creuzburg et al., 2005) . We found that the growth rate and number of eggs of animals fed with short filaments of cyanobacteria supplemented with green algae were not significantly different from those of control animals. This result shows that while the effects of the low nutritional value of cyanobacteria can be fully overcome by the addition of another food type in low doses or over a short period (which may occur under natural conditions), the effects associated with filament length can be more difficult for Daphnia to withstand. There are two alternative ways in which long cyanobacterial filaments may have a negative influence on Daphnia. First, if the long filaments are inedible, the animals simply starve. Secondly, if the long filaments are edible, they might cause mechanical interference with the food gathering process, thus feeding is less effective and has greater energetic costs. In our experiments, the animals could still grow and reproduce when fed exclusively on long cyanobacterial filaments, which proves that they are edible, although probably not directly so. It has been shown that Daphnia can break long filaments into shorter fragments and then feed effectively on these (Dawidowicz, 1990; Cerbin et al., 2013) . Also, the results obtained for the treatment in which long filaments of cyanobacteria were supplemented with green algae argue that they are edible, but at an increased cost. The addition of green algae improved Daphnia performance, but their growth (and other life history parameters) was still significantly reduced compared with that of control animals fed solely on S. obliquus. Moreover, despite the fact that the total amount of carbon was 2-fold higher (3 mg C L 21 ) in the treatments in which cyanobacteria were mixed with green algae compared with the control treatment (1.5 mg C L 21 ), the key life history traits were still more significantly affected by the mixture with long filaments than that with short filaments. This implies that even when there is a sufficient amount of good quality food available, the presence of long filaments is deleterious to Daphnia due to costs that are most probably associated with poor manageability and mechanical interference in the food-gathering process.
Our results also indicate that this strain of cyanobacterium appears to have no toxic effect on Daphnia. When short filaments of cyanobacteria were added to green algal medium, no deleterious effects on Daphnia life history were observed. Even if some undetected toxicity of this strain does exist, the role of filament length in decreasing fitness of Daphnia remains the predominant effect.
There have been numerous studies concerning interclonal differences in the responses of Daphnia to food quantity and quality. Glazier and Calow (Glazier and Calow, 1992) found inter-clonal differences in energy allocation, and significant differences in lifespan and lifetime fecundity along a food concentration gradient have also been recorded for three out of five clones used in this study (Pietrzak et al., 2010) . Genetic variations in the effects of foods of different quality have been frequently observed, e.g. related to differences in nutrient stoichiometry (C:P ratio) (Weider et al., 2005) , the biochemical quality of algae (Müller-Navarra and and different food types, such as cyanobacteria vs. green algae (Repka, 1996; Lemaire et al., 2012; Jiang et al., 2013) . Our results also revealed some inter-clonal differences in the response to different food types. Nevertheless, although the clones tested differed in the absolute values of the life history parameters measured (quantitative differences), the overall pattern of responses to different food regimes was common to all clones (qualitatively similarity). We believe that the observed pattern of reaction, from minor negative effects caused by short cyanobacterial filaments supplemented with green algae to the greatest fitness losses in the presence of only long filaments, can be regarded as universal for the genus. However, in natural Daphnia populations, the quantitative differences in responses to cyanobacteria can produce changes in genotype frequency, and may thus lead to microevolutionary changes in these populations.
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